1. Introduction
===============

Type 2 diabetes mellitus is a very common chronic disease worldwide that is associated with increased risk of mortality and cardiovascular mortality.^\[[@R1],[@R2]\]^ Intensive glucose control demonstrates decreased development of microvascular complications^\[[@R3]\]^ and even macrovascular complication with early intervention.^\[[@R4]\]^

Sulphonylureas (SUs) are one of the common second-line agents for the management of type 2 diabetes mellitus; however, they are associated with a higher risk of cardiovascular events than metformin.^\[[@R5],[@R6]\]^ Glimepiride and gliclazide are common SUs marketed in Korea for use in patients with type 2 diabetes mellitus. They have different properties including tissue selectivity, risk of hypoglycemia, SU receptor (SUR) selectivity, and effects on myocardial ischemic preconditioning. Gliclazide is a pancreas-specific and rapidly reversible inhibitor of Kir6.2/SUR1 expressed in beta-cells. However, glimepiride inhibits not only beta-cell-specific SUR1-type KATP channels but also cardiac and smooth muscle SUR2-type KATP channels and only slowly, reversibly inhibits Kir6.2/SUR1.^\[[@R7]\]^ In previous studies, glibenclamide has been shown to increase overall and cardiovascular mortality compared with other SUs such as gliclazide and glimepiride,^\[[@R8]--[@R11]\]^ suggesting that SUs have different properties. Moreover, gliclazide is considered the SU associated with the lowest risk of hypoglycemia^\[[@R12]\]^ and, therefore, it is often the first choice clinically.

Recently, Douros et al^\[[@R12]\]^ demonstrated that the long-acting SUs, glyburide, and glimepiride, have similar risk of cardiovascular adverse events to those of short-acting SUs such as gliclazide, glipizide, and tolbutamide except for increased risk of severe hypoglycemia. Another study showed no differences in the risk of all-cause mortality or first-ever acute myocardial infarction (AMI) between current gliclazide users with their most recent prescription in the previous 90 days and current nongliclazide SU monotherapy users.^\[[@R13]\]^

Currently, few reports have compared the mortality and cardiovascular risks between gliclazide and glimepiride monotherapy initiated for at least for 1 year. Therefore, we performed a nationwide retrospective cohort study to compare the all-cause mortality and cardiovascular risks of gliclazide monotherapy compared with glimepiride along with metformin monotherapy in patients with low cardiovascular risk as defined by no previous AMI or stroke in Korea.

2. Methods
==========

2.1. Study subjects
-------------------

The National Health Insurance Service (NHIS) in Korea is an obligatory single-payer system that provides coverage for all Koreans and, therefore, includes data of \> 99% of the population. NHIS obtains information on patient demographics, medical use and transaction information, insurers' payment coverage, and patients' deduction as well as claim data including medical information. Thus, NIHS data have been used as a population-based resource in nationwide studies of many diseases.^\[[@R14]\]^ We extracted the data of 1,334,426 subjects with incident diabetes from January 01, 2009 to December 31, 2013 NHIS data.

We selected 210,963 subjects who were ≥20 years' old, prescribed monotherapy with metformin or an SU (gliclazide or glimepiride) at least for 1 year as a first-line antidiabetic therapy for incident diabetes in 2009 to 2013. We excluded 3302, 11,142, and 1284 subjects with missing data; previous history of AMI and stroke; and who experienced an AMI, stoke, or mortality within the first year of diabetes, respectively. A total of 1,952,35 subjects were eligible by meeting the inclusion criteria of incident diabetes without previous or current history of AMI and stroke diagnosis (Fig. [1](#F1){ref-type="fig"}).

![Selection of eligible monotherapy participants.](medi-99-e21236-g001){#F1}

2.2. Operational definition of diabetes
---------------------------------------

We used the operational definition of diabetes suggested in the Taskforce Team of Diabetes Fact Sheet of the Korean Diabetes Association.^\[[@R14]\]^ For the NHIS claim data, individuals were defined as having diabetes if antidiabetic drugs were prescribed with the presence of *ICD-10* codes E11, E12, E13, or E14 as either principal diagnosis or first to fourth additional diagnosis at least once a year. The incidence of type 2 diabetes was estimated by confirming the incident cases that did not meet the criteria of type 2 diabetes mellitus (eg, no claims under *ICD-10* codes E11-- 14 or antidiabetic medication prescriptions) previously from January, 01, 2002 to December, 31, 2008 and their diabetes diagnosis. Thus, the incident cases were identified after January 1, 2000 with at least a 7-year disease-free observational period.

Participants with low income were defined subjects who corresponded to the bottom 20% of annual family income. The presence of hypertension was operatively defined as \>1 claim for antihypertensive medication under the *ICD-10* code I10-I13, I15 at the year of diagnosis of diabetes. Subjects with ≥1 claim/year for antidyslipidemic agents under *ICD-10* code E78 at the year of diagnosis of diabetes were considered to have dyslipidemia. Information on mortality was available for all subjects in the NHIS data received from the Korean National Statistical Office.

Individuals with AMI were defined as those with at least 2 outpatient clinic visits or inpatient admission under *ICD-10* code I121 or I122. Stroke was defined based on the inpatient record under ischemic stroke with *ICD-10* code 63, I64 and claims for brain computed tomography (CT) or magnetic resonance imaging (MRI). The index date was set on the first prescribed date of metformin, glimepiride, or gliclazide administration, and subjects enrolled in the study were those who were prescribed monotherapy at for least 1 year from the index data. Follow-up was terminated when the subjects first develop clinical study outcomes (death, AMI, or stroke), or at the end of the study period (December 31, 2015).

2.3. Statistical analyses
-------------------------

We determined the number and percentage of category variables to describe the distribution of each monotherapy group. The total and demographic-specific incidences of developing mortality, AMI, and stroke were calculated based on per 1000 person-years. The Cox proportional hazards regression model with crude model and adjustment for potential confounding factors, including age, sex, location, hypertension, dyslipidemia, and income status, were used to estimate the hazard ratio (HR) and confidence interval (CI) for the incidence of mortality, AMI, and stroke in 3 monotherapy groups.

Data management and analysis were performed using the SAS 9.4 software (SAS Institute, Cary, NC), and the cumulative incidence curve was constructed using the R software (3.2.4 version, R Foundation for Statistical Computing, Vienna, Austria). The significance level was set at a *P* value \<.05 for 2-sided testing.

2.4. Ethics
-----------

The study was approved by the Institutional Review Board (IRB) of the Kangwon National University Hospital (IRB number: KNUH-2016-06-007) and an informed consent exemption was granted by the board.

3. Results
==========

The total number of monotherapy cohorts treated for at least 1 year was 195,235. The monotherapy cohorts were composed of 160,370 (82.1%), 33,322 (17.1%), and 1543 (0.8%) in the metformin, glimepiride, and gliclazide groups, respectively, with a mean age of 58.6 ± 11.1, 60.0 ± 11.4, and 61.2 ± 11.3, respectively (Table [1](#T1){ref-type="table"}). The number of male patient was higher in the gliclazide cohort (55.0%) than it was in metformin (48.9%) and glimepiride (50.7%) cohorts. The proportion of hypertension was 62.9% to 69.4% in the 3 cohorts.

###### 

Demographic data at baseline and follow-up.
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3.1. All-cause mortality
------------------------

The overall event rate of all-cause mortality was the highest for patients treated with gliclazide (11.91 per 1000 person-years, Table [2](#T2){ref-type="table"}), followed by those administered glimepiride and metformin (8.65 and 4.42 per 1000 person-years, respectively). A total of 4508 all-cause mortalities occurred in 2900 (160,370 \[1.81%\]), 1520 (33,322 \[4.56%\]), and 88 (1543 \[5.70%\]) patients in the metformin, glimepiride, and gliclazide groups, respectively, during the whole study period.

###### 

Incidence of all-cause mortality and hazard ratio, measured using multivariate Cox proportional hazards regression analysis, for each monotherapy.
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Metformin monotherapy had decreased risk of mortality (adjusted HR \[AHR\] = 0.76) compared with those administered glimepiride as the reference after adjustment for age, sex, location (urban or rural), income status, concurrent hypertension, and dyslipidemia history at baseline. In both men and women and all age groups, metformin monotherapy showed a significantly lower risk of developing mortality than the other agents did. However, the gliclazide monotherapy appeared to tend toward increased all-cause mortality (AHR = 1.32) compared with glimepiride monotherapy. However, in the subgroup analysis, the gliclazide monotherapy group demonstrated no significant differences in all-cause mortality relative to the glimepiride group in both men and women, and the 3 age groups.

Figure [2](#F2){ref-type="fig"} shows the cumulative all-cause mortality incidence curves for the study cohorts and revealed that the value for gliclazide monotherapy was the highest (log-rank test *P* \< .0001). Compared with the AHR for patients administered glimepiride, the AHRs for those administered gliclazide and metformin were 1.32 (95% CI 1.06--1.64) and 0.761 (95% CI 0.71--0.81), respectively.

![Kaplan--Meier survival curves of metformin, glimepiride, and gliclazide monotherapy for all-cause mortality.](medi-99-e21236-g004){#F2}

3.2. AMI and stroke
-------------------

For AMI, metformin monotherapy also demonstrated a lower incidence (AHR = 0.852, 95% CI 0.76--0.95) than glimepiride did as the reference. In the subgroup analysis, female patients (adjusted HR 0.76) and the 50- to 69-year-old age group (AHR = 0.83) on metformin monotherapy showed a significantly lower rate of AMI than those on glimepiride did (Table [3](#T3){ref-type="table"}). However, the gliclazide group showed no difference in the incidence of AMI compared to the glimepiride group.

###### 

Incidence of acute myocardial infarction and hazard ratio, measured using multivariate Cox proportional hazards regression analysis, for each monotherapy.
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Over a total of 4.3 ± 1.4 years of follow-up, the AHRs of stroke were 0.84 (95% CI 0.77--0.93) and 0.91 (95% CI 0.60--1.39) for the metformin and gliclazide groups, respectively compared with the glimepiride group (Table [4](#T4){ref-type="table"}). Furthermore, both men and women exhibited a significantly lower risk of stroke in the metformin group than in other groups. Across the age groups in metformin monotherapy, only the 50- to 69-year-old age group (AHR = 0.83) showed a significantly lower rate of stroke than the glimepiride group did. However, the gliclazide group exhibited no difference in the incidence of stroke compared to the glimepiride group.

###### 

Incidence of stroke and hazard ratio, measured using multivariate Cox proportional hazards regression analysis, for each monotherapy.
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4. Discussion
=============

This nationwide cohort study demonstrated that gliclazide monotherapy exhibited increased risk of all-cause mortality and similar risk of AMI or stroke compared with glimepiride monotherapy. However, the subgroup analysis, which used data stratified by sex and age groups, showed no significant differences in all-cause mortality between gliclazide and glimepiride. However, metformin showed a significantly lower risk of all-cause mortality, AMI, and stroke than the glimepiride monotherapy group.

This study is the first study which demonstrated that gliclazide monotherapy may increase the all-cause mortality (AHR = 1.32) compared with glimepiride monotherapy, which is quiet contrary to the previously reported results that gliclazide showed significantly less or similar mortality to that of glimepiride in a first-line therapy. In past and recent study, some SUs therapies have been reported to increase the mortality or cardiovascular risks in type 2 diabetes mellitus compared with other SUs such as gliclazide.^\[[@R10],[@R13]\]^ Schramm et al^\[[@R10]\]^ demonstrated that both gliclazide monotherapy in patients without (n = 5,926) and with (n = 517) previous AMI was associated with lower risk of all-cause mortality and cardiovascular outcomes than that with other SUs including glimepiride, and was not statistically different from metformin monotherapy in a nationwide study.

Recently, in an analysis of 18 studies, Simpson et al^\[[@R15]\]^ showed that gliclazide and glimepiride were associated with a lower risk of all-cause and cardiovascular mortality compared with glibenclamide. More recently, Dalem et al^\[[@R13]\]^ demonstrated that there were no differences in risk of a first AMI or all-cause mortality between current gliclazide monotherapy users with current nongliclazide SUs monotherapy users (glimepiride, glibenclamide, glipizide, and tolbutamide) in 121,869 eligible patients. In the same study, there was no difference in all-cause mortality between gliclazide and metformin users but metformin users showed lower risk of AMI than gliclazide users did. However, in that study,^\[[@R13]\]^ they defined current gliclazide users as those who were exposed in the last 1 to 90 days, which differed from the definition used in most studies where monotherapy users defined as those who were continuously exposed for at least 1 year to individual agents.

However, in our subgroup analysis, the significant difference in mortality between gliclazide and glimepiride disappeared because we guess that the reason is the relatively small numbers of participants in the sex or age groups to make a statistical significance. This discrepancy in the mortality and cardiovascular risk of gliclazide versus other SUs including glimepiride may be attributable to differences in study designs, study populations, inclusion criteria, duration of follow-up, operating definition of cardiovascular disease, and adjustment of confounding variables for which statistical adjustments were made. Thus, Over the many decades, the different outcomes between individual cohort studies and between meta-analyses continue to make it difficult to draw a firm conclusion, although considerable evidence suggests that SU therapy may be associated with an increased risk of mortality and cardiovascular events than other antidiabetic agents---mostly compared with metformin therapy.

Recently, some antidiabetic agents such as the sodium/glucose cotransporter 2 inhibitors (empagliflozin and canagliflozin) and the glucagon-like peptide-1 receptor agonists (liraglutide and semaglutide) demonstrated a significant benefit in preventing major adverse cardiovascular events.^\[[@R16]\]^ These findings suggest that these agents should be the first choice of antidiabetic agents in patient with previous cardiovascular disease.

Our study showed that there was significantly lower risk of all-cause mortality, AMI, and stroke in the metformin monotherapy group than in the gliclazide and glimepiride groups. The beneficial metformin effects of our largest population-based study are in line with many previous studies.^\[[@R5],[@R17]--[@R19]\]^ In a cohort study,^\[[@R6]\]^ monotherapy with SUs was associated with increased risk of all-cause mortality compared with other antidiabetic agents, raising safety concerns of SUs. One of the most popularly proposed mechanisms to explain the higher risk of adverse cardiovascular effects of SUs is hypoglycemia. Overall and severe hypoglycemic events are associated with increased risks of cardiovascular events.^\[[@R20],[@R21]\]^ Therefore, further research into the risks and safety of SUs over other antidiabetic agents or individual SUs is warranted in large representative population-based studies over longer periods. In addition, such research needs to emphasize that various SUs have different clinical outcomes such as mortality and cardiovascular risks.

A major strength of the present study is that the nationwide representative cohort study covered most of the general Korean population, which minimized the selection bias.

These results provide additional information for the ongoing debate regarding the safety profile of individual SUs in mortality and cardiovascular risk and evidence of the superiority of metformin as a first-line therapy compared with SUs.

5. Limitations
==============

In this study, there were some limitations that are worth mentioning. This is not a randomized trial so there might be a bias in choosing the agent of monotherapy according to age, cost, renal function, or risk of hypoglycemia, and renal or liver function. We could not gain access to information on important well-known risk factors such as body mass index, smoking status, physical activity, hemoglobin A1C, and plasma lipid levels. The gliclazide monotherapy group might have been underpowered because there were fewer participants (0.8%) in the all-cause mortality assessment, AMI, and stroke compared with other monotherapy groups. Finally, for each monotherapy group, we could not perform a propensity score-matched cohort analysis because of the extremely low numbers of subjects in the gliclazide group compared to those in the metformin and glimepiride monotherapy groups.

6. Conclusions
==============

In summary, the results of our population-based cohort study suggested that gliclazide may increase the risk of all-cause mortality and has similar risk of AMI and stroke to those of gliclazide monotherapy in Koreans. Metformin monotherapy also showed significant clinical benefits in reducing the risk of all-cause mortality, AMI, and stroke compared with glimepiride and gliclazide.
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